Abstract. The present study reviewed the records of 58 patients who underwent orthognathic surgery [sagittal split ramus osteotomy (SSRO), Le Fort I osteotomy, genioplasty, anterior maxillary alveolar osteotomy] between 2010 and 2015. To investigate the influence of preoperative oral health care on postoperative inflammation, infection and length of hospital stay in those patients, white blood cell (WBC) count and C-reactive protein (CRP) levels were compared between patients who received and did not receive preoperative oral care. The mean CRP level throughout the postoperative term was lower in the oral care group as compared to the non-oral care group. By contrast, the oral care group had a lower occurrence of postoperative infectious complications (surgical site infection, anastomotic leak) (13.6 vs. 20.8%) and a shorter average length of hospital stay (16.2±3.8 vs. 21.2±7.4 days). These results suggest that preoperative professional oral health care decreases the duration of hospital stay following orthognathic surgery by inhibiting inflammation and infectious complications during the postoperative stage.
Introduction
Orthognathic surgery has become a standard procedure in the field of oral and maxillofacial surgery. For mandibular orthognathic surgery, a sagittal split ramus osteotomy (SSRO) is a popular procedure that can be performed on an intraoral basis (1), while a Le Fort I osteotomy is widely applied for removal and accurate repositioning of the maxilla (2) . However, despite advances in surgical techniques used for orthognathic surgery, various complications that occur following surgery, including hypoesthesia, bleeding, respiratory difficulty, temporomandibular joint dysfunction and infection, have been documented (3, 4) . Among those, surgical site infection is an important problem, as it delays wound repair and prolongs hospital stay. In order to prevent wound infection, use of antibiotics as well as application of oral health care procedures, such as professional teeth cleaning and self-care instructions, are considered as important factors for patients undergoing oral surgery, as they are associated with reduced numbers of oral bacteria, resulting in inhibition of surgical site infection in oral surgery cases.
However, few studies have shown a significant association between preoperative oral health care and postoperative complications in patients who underwent orthognathic surgery. In the present study, the influence of preoperative oral health care on postoperative inflammatory response, infection and length of hospital stay was investigated in patients undergoing orthognathic surgery.
Patients and methods
Patient characteristics. The records of 58 patients (17 males, 41 females; mean age, 25.8 years; range, 16-49 years) with jaw bone deformity who underwent surgical treatment in the surgical room under general anesthesia at the Department of Oral and Maxillofacial Reconstructive Surgery, Hiroshima University Hospital (Hiroshima, Japan), between January 2010 and March 2015 were reviewed. Subjects included in the study were those who underwent an orthognathic surgery procedure, including SSRO (n=42), SSRO and Le Fort I osteotomy (n=13), genioplasty (n=2), and anterior maxillary alveolar osteotomy (n=1). All the surgeries were performed intraorally without abnormal bone fracture or blood transfusion. Clinical data obtained included patient age, gender, medical history, blood loss volume and surgical duration. Patients with a past history of diabetes, respiratory disorders, cardiovascular disorders, hyperlipidemia, hypoalbuminemia or others were not included in order to exclude the effects of those diseases on postoperative conditions. Cephem antibiotics (cefdinir or cefmetazole) were administered in all patients for 3-5 days after the surgery. Markers and statistical analysis. Markers, such as white blood cell (WBC) count and C-reactive protein (CRP) level, were examined on the day before and at 1, 3-5, and 7-9 days after surgery to evaluate the inflammatory response following the surgery. Occurrences of complications such as anastomotic leak and surgical site infection were investigated within 14 days after surgery, with the latter determined according to the method of Johnson et al (5) . The length of hospital stay for each patient was also examined. Welch's t-test, a one-way analysis of variance test, and Fisher's exact test were used for statistical analysis. P<0.05 was considered to indicate a statistically significant difference. This retrospective study was approved by the ethics committee of Hiroshima University.
Results

Correlation between postoperative complications and clinical features.
The associaton between preoperative oral care and postoperative infectious complications (surgical site infection, aspiration pneumonia, anastomotic leak) was investigated. One case of surgical site infection was observed in the non-oral care group, while an anastomotic leak was identified in 4 (13.8%) in the non-oral care and 3 (10.3%) in the oral care group. No aspiration pneumonia was reported in any of the patients. The correlation between postoperative complications and clinical features, such as gender, age, surgical duration, blood loss and pre-operative oral health care (Fisher's exact test), was subsequently examined (Table I) . Although there was no statistical association identified between them, the rate of occurrence of complications was decreased in patients who received preoperative oral health care (10.3%) as compared to those who did not (17.2%).
Comparison of inflammatory response between oral care and non-oral care groups. The preoperative WBC count in the oral care and non-oral care groups was 5,941/mm 3 and 5,746/mm 3 , respectively, both of which were within a normal range. On day 1 after surgery, the counts increased to a maximum of 13,344/mm 3 and 13,230/mm 3 , subsequently decreased to 7,607/mm 3 and 6,973/mm 3 on days 3-5, and returned to 6,132/mm 3 and 6,155/mm 3 on days 7-9, respectively (Fig. 1A) . The mean WBC count in the oral care group was lower compared to the non-oral care group at days 3-5 and 7-9 after surgery, but was not significant.
The preoperative CRP level was within a normal range in all the patients in the two groups. The mean postoperative CRP in the non-oral care group increased to a maximum of 5.82 mg/dl on day 1 and decreased to 1.77 mg/dl on days 3-5 (Fig. 1B) . In the oral care group, the mean post-operative CRP increased to a maximum of 5.21 mg/dl on day 1, decreased to 0.87 mg/dl on days 3-5 and returned to 0.22 mg/dl on days 7-9 (Fig. 1B) .
The mean CRP in the oral care group was lower compared to the non-oral care group at each time point following surgery, but was not significant. These results suggest that preoperative oral care may aid in inhibiting inflammation in the early postoperative period.
Hospitalization duration. To investigate the effect of preoperative oral health care on postoperative recovery, the length of hospital stay was examined. In the oral care and non-oral care groups, the mean hospital stay was 16.2±3.8 and 21.2±7.4 days, respectively ( Fig. 2A) , which was significantly shorter for the patients who received preoperative oral care. In addition, this was significantly shorter in cases with a surgical time <180 min as compared to those with a longer surgical time (14.7±3.8 vs. 19.6±6.4 days) (Fig. 2B) . By contrast, the length of hospital stay was not significantly associated with blood loss (Fig. 2C) . As for the surgical method, patients who underwent SSRO and Le Fort I osteotomy procedures in combination showed the longest hospital stay duration (21.5±4.1 days) due to the severity of the procedure (Fig. 2D) . However, no significant difference was identified among the surgical procedures employed. These results indicate that preoperative oral health care and surgical time may be associated with recovery of the wound area in the oral cavity in patients who underwent orthognathic surgery. 
A B Discussion
Patients who undergo oral surgery often have difficulties with elimination of dental plaque due to surgery-related swelling, bleeding and pain following the surgery. Without regular removal, dental plaque undergoes a process of maturation that results in development of pathogenic bacterial flora. Therefore, proper oral health care during the perioperative period is thought to be necessary to decrease the number of oral pathogens. A previous study showed that oral care is essential to decrease surgical site infection in oral cancer patients (6) . In addition, preoperative oral care was shown to reduce inflammation during the early postoperative stage in oral cancer patients who underwent a combination of surgical resection with neck dissection and free-flap transplantation, or pectoralis major myocutaneous flap transplantation (7) . Together, these results suggest that oral health care is required for oral cancer patients to prevent wound infection. As those patients have difficulties with cleaning their oral cavity, professional oral hygiene procedures, such as mechanical plaque removal from teeth, gingival and mucosal surfaces, can help them maintain their oral health condition. Furthermore, proper instructions for self-oral care may help the affected patients to maintain good oral health in the postoperative period.
By contrast, few studies have evaluated the effects of preoperative oral health care on postoperative complications in patients who undergo an oral surgery procedure, such as orthognathic surgery. In the present study of the association Table I . Correlation between postoperative complications and clinical factors. As the CRP level can rapidly increase during the acute phase of inflammation (8) , it is considered to be a sensitive inflammatory marker and useful indicator for detection of infection following surgery (9, 10) . Although there were no significant differences in regards to WBC count and CRP level between the present oral care and non-oral care groups, CRP levels were clearly different between the groups on days 1, 3-5, and 7-9. One possible reason is that an inflammatory condition in the early postoperative period may be affected by preoperative professional oral health care, and that in the late postoperative period it may be influenced by pre-and postoperative oral health care.
As for the duration of hospital stay, the median duration was significantly lower in the oral care group as compared with the non-oral care group, suggesting that a shortened hospital stay may be attributed to rapid recovery from postoperative inflammation and proper wound healing. Therefore, the present findings suggest that preoperative oral health care can shorten the length of hospital stay by attenuating the occurrence of inflammation and infectious complications during the postoperative stage.
Previous studies have identified a significant association between blood loss and frequency of surgical site infection in patients who underwent head and neck surgery (6, 11, 12) . In the present study, no significant differences in regards to the occurrence of postoperative infectious complications between patients with low blood loss (11.1%) and those with high blood loss (15.0%) were observed, although postoperative complications showed a declining tendency in the former group. Therefore, blood loss may be a risk factor for infection in patients undergoing orthognathic surgery.
In summary, the present findings indicate that preoperative oral health care may help to reduce postoperative inflammation and the frequency of postoperative complications in patients undergoing orthognathic surgery, resulting in a shorter hospital stay.
